production using beef. The number of households raising beef cattle is slowly decreasing in Japan. The number of farmers producing beef was 613,000 in 2013, but 86.5% of these farmers feed less than 50 head. The output of beef cattle was about US$5 billion in 2012 (MAFF, 2012) . In recent times, Japan has exported beef, with an export value in 2013 of US$51 million (86.3 billion tons; MAFF, 2013b) .
The mean body and carcass weights at slaughter were 725 kg and 470 kg for Japanese Black and Holstein cattle, respectively, at 26 to 30 months of age. The carcasses of Japanese Black steers at 26 months of age were 47.7% muscle, 41.7% fat, and 10.6% bone, which is the greatest amount of total fat compared with carcasses of Belgian Blue, German Angus, and Holstein cattle (Gotoh et al., 2009) . In conventionally fattened Japanese Black beef (n = 65), the mean percentages of moisture, crude fat, and crude protein in the Longissimus thoracis muscle at the 12th thoracic vertebra were 47.1 ± 5.8%, 38.4 ± 7.7%, and 13.9 ± 1.9%, respectively (National Livestock Breeding Center, unpublished, 2010) . In recent years, the intramuscular fat percentage of beef from Japanese Black cattle averaged greater than 30% (Horii et al., 2009; Albrecht et al., 2011; Figure 2 ).
Evaluation of Meat Quality Grading in Japanese Black Carcass

Japanese grading system for beef quality and yield
The carcasses of most Japanese breeds, including Japanese Black, are evaluated by accredited graders from the Japan Meat Grading Association (JMGA) in accordance with the beef carcass grading standards. There are nearly 200 accredited graders in Japan. Established in 1988 (JMGA, 1988 , the present grading system assigns both a yield grade (A, B, and C) and meat quality grade (1, 2, 3, 4, and 5; Table 1 ; JMGA, 2014). All beef carcasses in Japan are graded at the sixth to seventh rib section at least 1 hour after ribbing. Four items are independently evaluated: beef marbling; meat color, and brightness; meat firmness and texture; and fat color, luster, and quality. The meat quality grade of the carcass is then assigned according to the lowest grade of these four items.
Beef marbling
In 1988, the marbling levels were assigned by the Beef Marbling Standard (BMS) using a plastic model made from silicone resin. This standard was calculated based on the circumference and area percentage of marbling particles in the rib eye section (Longissimus dorsi). In October of 2008, a new marbling standard utilizing carcass photographs replaced the 1988 standard, and in March 2014, an even newer marbling standard was implemented (Figure 3) . Graders determine the BMS number (1 to 12) by comparing the actual carcass marbling and the marbling standard photograph. During this process, any large inclusions of fat at the periphery of the rib eye are not considered marbling according to the Japanese grading system (Figure 4) .
The photographs were selected using a combination of marbling percentage (fat to muscle ratio) and fineness index developed by the authors (Kato et al., 2014) . This combination theory has a patent pending in several countries, including Japan, and may become a global standard for beef marbling evaluation worldwide. Digital imaging to objectively assess beef marbling is becoming popular to genetically improve the Australian Wagyu (Maeda et al., 2013) .
The mean BMS varies greatly according to the breed and geographical origin of animals. In Japan, most Shorthorn and Holstein steers fattened for meat have carcasses designated a BMS of 2, but the mean BMS of Japanese Black steers in 2011 was 5.8. The Japanese government has recently changed the focus of numerical targets of marbling (BMS value) for genetic improvement of Japanese Black to focus on other traits of economic importance.
Meat color and brightness
Color and brightness is a grade determined by the complex decision of color and brightness. The meat color is determined using the Beef Color Standard (BCS), which is made of silicone. The BCS is scored in seven steps from 1 to 7; number 1 is pale red, and the scores become progressively darkened until reaching dark red at number 7. During meat color assessment of refrigerated carcasses, a specialized flashlight is used. A BCS number of 3 or 4 corresponds to the preferred meat color. October 2014, Vol. 4, No. 4
In general, a carcass with superior marbling has good color (Figure 3 ), and the correlation coefficient between the color and brightness grade and the BMS number is extremely high (r = 0.89). The color and brightness grade is determined as shown in Table 2 .
Meat firmness and texture
The firmness of meat is determined by visual assessment of the amount of exudate on the cut muscle surface as bound water containing protein released from the muscle and the degree of depression in the incision surface. Highly marbled meat has a high water-holding capacity and good firmness. In general, young aged muscle, which has a greater moisture level, has poor firmness.
The meat texture is highly correlated with the diameter of the primary muscle bundles forming the muscle. This diameter is the primary determinant of fine or coarse texture. However, the cut surface of muscle which has fine muscle bundles bound by dense connective tissue is also smooth.
Fat color, luster, and quality
The color, luster, and quality for fat grade is determined using the Beef Fat Standard (BFS) made of silicone resin (Figure 3 ). In BFS, white color is number 1, and the colors transition to pale cream, cream, and yellow up to number 7. The color, luster, and quality of fat grade is determined as shown in Table 3 . This BFS grade, which is evaluated by the trained referees belonging to JMGA, is moderately correlated with the BMS (r = 0.47). 
Meat yield percentage
Cattle slaughter
Japan upholds the best practice in the world for animal welfare during the slaughtering process of cattle (Ministry of the Environment, 1995). The slaughtering process is undertaken in two steps: 1) Stunning: The majority of cattle slaughtered in Japan undergo percussion stunning, which produces a physical shock to the brain to render an animal unconscious and eliminate all stress, pain, and discomfort (Ministry of the Environment, 1995) . A smaller proportion of cattle undergo electrical stunning or carbon dioxide gas stunning. 2) Bleeding: This process involves severing the aorta and other major blood vessels of the neck of the animal after the animal is unconscious from the stunning process. The animal dies from cerebral anoxia as a result of exsanguination. Upon commencement of testing for bovine spongiform encephalopathy (BSE), the process of pithing of the brainstem after stunning was abolished in Japan. This ensures sampling for pathology testing is not adversely impacted. There are approximately 90 registered slaughter houses for cattle in Japan. Processing capacity of the largest slaughter house in Japan is 350 animals per day.
Histochemical Properties of Muscle in Japanese Black Cattle
Meat is mainly skeletal muscle, which is predominated by three myofiber types: type I myofiber (slow-twitch oxidative); type IIA myofiber (fasttwitch oxidative glycolytic); and type IIB myofiber (fast-twitch glycolytic). The myofiber type and size within specific muscles are important factors affecting meat quality because they influence many of the peri-and postmortem biochemical processes in muscles (Klont et al., 1998) . Iwamoto et al. (1991) compared the histochemical fiber composition between Japanese Black, Japanese Brown, and Holstein cattle. A larger percentage of type IIB muscle fibers were observed in the Japanese Brown and Holstein, and a larger percentage of type I or type IIA muscle fibers was observed in the Japanese Black. Moreover, the Japanese Black had larger type I fibers at a higher frequency than the two other breeds in the Longissimus thoracis, Semimembranosus, Triceps brachii/caput longum, Gluteus medialis, and Vastus medialis muscles. Morita et al. (2000) compared the muscle fiber types composing the Longissimus muscle between Mishima and the Japanese Black cattle, including regional variations. The size of type I myofibers in the Longissimus muscle was larger in the Mishima cattle than in Japanese Black, but the percentage of type I fibers was greater in Japanese Black cattle than in Mishima cattle (Gotoh, 2003; Morita et al., 1999 Morita et al., , 2000 . However, the percentage area of type I myofibers to total area was nearly identical between the breeds. Similar results were obtained in other muscles. Solomon (1985) and Rahelic and Puac (1981) suggested that type I myofibers are larger in wild pigs than in domestic ones. They concluded that these results indicate that Mishima cattle have maintained certain histochemical myofiber properties characteristic of the native breed (Gotoh, 2003) .
Fatty Acid Composition of Current Japanese Black Beef
Current meat quality of Japanese Black cattle
As described previously, current beef produced by Japanese Black cattle contains greater than 30% intramuscular fat. The physiochemical properties and fatty acid composition of Longissimus muscle is shown in Table 4 . Zembayashi et al. (1995) investigated the effect of breed type, including Japanese Black, and sex on the fatty acid composition of subcutaneous and intramuscular lipids in finishing steers and heifers of pure Japanese Black and Holstein, as well as crossbred Japanese Black, Holstein, Japanese Brown, and Charolais. They reported that the Japanese Black is genetically predisposed to producing carcass lipids containing greater concentrations of monounsaturated fatty acids than Holstein, Japanese Brown, or Charolais steers. Sturdivant et al. (1992) also concluded that beef from purebred Wagyu cattle raised in Japan is rich in monounsaturated fatty acids (MUFA). Gotoh et al. (2011) compared intramuscular fatty acid composition of Longissimus muscle in 26-month-old Japanese Black steers and Holstein steers reared and fattened using a standard fattening system with concentrate feed bases in a conventional Japanese fattening system though normally a fattening period of Holstein cattle is shorter (20 to 22 months). In Longissimus muscle, there was a greater percentage of unsaturated fatty acid in Japanese Black steers than in Holstein steers (Table 4 ). The intramuscular fat content and intramuscular fatty acid composition of 21 major skeletal muscles using the same animals revealed that muscles from the Japanese Black cattle contained a greater proportion of numerous fatty acids, particularly C16:1, C18:1, C20:1, and monounsaturated fatty acids, compared with fatty acids in the Holstein cattle. In Japanese Black cattle, the proportion of C18:0 and saturated fatty acids was much less . Sasaki et al. (2001) reported the relationship of crude fat content to lipid peroxidation during storage of beef Longissimus muscle samples (fat content: 6.5 to 39.4%) from 27 Japanese Black steers. They concluded that 1) highfat beef had high-preservative properties and 2) thiobarbituric acid reactive substances (TBARS) formation was correlated with lipid hydroperoxides (LOOH) derived from phospholipid oxidation in the initial period of storage, and the relationship was correlated directly with fat content in a later period.
Genes Associated with Beef Quality in Japanese Black Cattle
In addition to its valuable, highly marbled meat, Japanese Black beef has a greater percentage of MUFA within the fat than do other breeds (Yang et al., 1999a) . A greater percentage of MUFA leads to a reduced fat- melting point, which contributes to the softness of bovine fat and favorable beef flavor, and may decrease the circulating concentration of LDL (low density lipid) cholesterol in consumers (Melton et al., 1982; Rudel et al., 1995; Smith, 1994) . Therefore, the fatty acid composition of beef has recently become an important trait in the beef industry, especially in Japanese Black cattle.
The fatty acid composition in cattle is much less dependent on diet because microorganisms within the rumen hydrogenate the majority of dietary unsaturated fatty acids, which are mostly absorbed as saturated fatty acids (Jenkins, 1993) . However, diet does influence the bovine fatty acid composition (Edwards et al., 1961; Cabezas et al., 1965) . Oka et al. (2002) demonstrated that sires significantly affected the fatty acid composition in Japanese Black cattle, suggesting that fatty acid composition may be controlled by genetic factors such as lipid synthesis and fatty acid metabolism genes. Recently, the genes responsible for fatty acid composition have been identified in Japanese Black cattle as described below.
Stearoyl-CoA desaturase (SCD) was first identified and reported as one of the genes associated with beef fatty acid composition (Taniguchi et al., 2004) . This enzyme converts saturated fatty acids into MUFA in mammalian adipocytes. The composition of fatty acids stored in fat depots reflects the earlier action of SCD on substrates such as stearic acid or palmitic acid (Kim and Ntambi, 1999) . Yang et al. (1999b) reported interesting correlations between the SCD enzyme activity and fatty acid composition in bovine adipose tissue.
The bovine SCD gene has 1080 nucleotides, coding 359 amino acids. The nucleotide substitutions at base pair (bp) 878 in the protein coding region cause replacement of the amino acid valine (V type) to alanine (A type) in the SCD peptide. A study on the association between the SCD genotypes and fatty acid composition showed the MUFA percentage differed significantly among the genotypes (high in type AA, medium in type AV, and low in type VV; Taniguchi et al., 2004) . The melting point was also significantly different between the genotypes (high in type VV, medium in type AV, and low in type AA). The mean effects of gene substitution of the A allele on the MUFA percentage and melting point of intramuscular fat were +0.805 and -1.03, respectively. The genotypes explained 4% of the total variation in MUFA and 3% of the melting point of intramuscular fat. The genetic effects on fatty acid composition have been confirmed by subsequent studies (Ohsaki et al., 2009; Ishii et al., 2013; Kelly et al., 2014) .
Since the report describing SCD, several candidate genes affecting fatty acid composition have been identified. Sterol regulatory element binding protein-1 (SREBP-1) regulates gene transcription activation by binding to the sterol regulatory element sequences contained in the promoters of downstream genes, including the SCD gene (Shimano, 2001 ). The intron polymorphism of SREBP-1 also effects the fatty acid composition in bovine adipose tissue (Hoashi et al., 2007) . Bovine fatty acid synthase (FASN) generates a multifunctional enzyme that regulates de novo biosynthesis of long-chain fatty acids in mammals (Smith, 1994) . Abe et al. (2009) revealed that the FASN genotypes significantly affected the fatty acid composition of dorsal, intramuscular, and intermuscular fat in an F 2 population generated from Japanese Black and Limousin cattle.
Additional genetic markers associated with fatty acid composition have been surveyed primarily by Japanese scientists. The following genes were reported as responsible or candidate genes affecting fatty acid composition: FABP4, LXRα, ELOVL5, FADS2, ACACA, and UTS2R (Hoashi et al., 2008; Matsumoto et al., 2012 Matsumoto et al., , 2013 Matsumoto et al., , 2014 Sasazaki et al., 2014) .
In general, economic traits in cattle such as the fatty acid composition have been considered polygenic. Although the adipogenic mechanism is extremely complicated, several genes have been identified and confirmed as either associated with or responsible for fatty acid composition in Japanese Black cattle. Representative genes such as SCD and FASN have already been used as DNA markers to select elite sires in Japanese breeding programs. These genetic markers may also contribute to the beef industry and human nutrition worldwide.
Why is Highly Marbled Beef Extremely Tender?
Marbling (intramuscular fat) is one of the most important factors in determining meat quality, especially with reference to texture and flavor. Japanese Black cattle are characterized by the ability to deposit very large amounts of intramuscular fat (Zembayashi, 1994; Gotoh et al., 2009; Albrecht et al., 2011) . We have shown that the shear force value of the Longissimus muscle in Japanese Black steers decreases after 20 months of age, concomitant with the rapid increase in the fat content . There was a high and inverse correlation coefficient between the crude fat content and shear force value of raw Longissimus muscle in Japanese Black cattle after 20 months of age. A greater level of marbling is most likely closely related to meat tenderness. Nishimura et al. (1999) have shown structural changes in the intramuscular connective tissues during fattening of Japanese Black steers using the cell maceration method for scanning electron microscopy. During the early fattening period from 9 to 20 months of age, collagen fibrils within the endomysium in the Longissimus muscle associate more closely with each other, the collagen fibers in the perimysium become increasingly thick, and their wavy pattern grows more regular ( Figure 5 ). These changes are closely related to the increased mechanical strength of the intramuscular connective tissue, resulting in toughening of the beef during this period. The shear force value of the Longissimus muscle decreases after 20 months of age, concomitant with the rapid increase in the fat content. Scanning electron micrographs of the Longissimus muscle dissected from 32-month-old steers clearly showed that the adipose tissues formed between the muscle fiber bundles, that the honeycomb structure of the endomysium was partially broken, and that the perimysium separated into thinner collagen fibers. By contrast, in the semitendinosus muscle, which has a comparatively lesser crude fat content, the structure within the intramuscular connective tissue remained rigid at 32 months of age, and the shear force value of the muscle increased even during the late fattening period from 20 to 32 months of age. Thus, the development of adipose tissues in the Longissimus muscle appears to disrupt the structure of intramuscular connective tissues and contributes to the tenderness of highly marbled beef from Japanese Black cattle (Nishimura, 2010;  Figure 5 ).
Physiological Aspects Related to Meat Quality in Japanese Black Cattle
Japanese Black cattle produce high quality meat with more marbling compared with purebred Holstein cattle Gotoh et al., 2009; Albrecht et al., 2011) . The formation of marbling in Japanese Black cattle is closely related to the endocrine system. Many reports suggest that there are differences in plasma hormone concentrations between Japanese Black cattle and other breeds.
Growth hormone
Growth hormone (GH) is a 191-amino-acid peptide secreted by the anterior pituitary gland (Muller et al., 1987) that may influence the meat quality during fattening (Preston et al., 1995) . Japanese Black heifers have a lesser basal plasma GH concentration than do Holstein heifers at 22 months of age (Satoh et al., 1998) . Exogenous GH decreases the marbling score during fattening (Dalke et al., 1992) . Additionally, the GH gene occurs as three genotypes (haplotype A, B, and C) in Japanese Black cattle, and haplotype C may play a key role in marbling. The haplotypes differ by amino acid mutations at positions 127 and 172 in the fifth exon, a difference that influences the meat quality (Tatsuda et al., 2008) . In particular, haplotype C was found in Japanese Black cattle and Japanese Brown cattle and was not observed in other breeds (Chikuni et al., 1994) . Tatsuda et al. (2008) reported that beef marbling was highest in haplotype C than in another haplotype. Ardiyanti et al. (2009) reported the GH haplotype C influences fat deposition and is related to increases in MUFA and unsaturated fatty acids, including that synthase activity. However, the mechanism is still unclear, however. Thus, the greater rate of intramuscular fat deposition and marbling in Japanese Black cattle compared with other cattle may be due to the effect of GH secretion and the presence of the GH gene haplotype C.
Insulin like growth factor-1
Insulin like growth factor-1 (IGF-1) is associated with muscle growth and, along with GH, helps determine the number of pre-adipocytes (Harper and Pethick, 2004) or beef marbling (Satoh et al., 1991) . Plasma IGF-I increases as crude protein intake increases. Additionally, some reports suggest that the plasma IGF-1 concentration is related to increased weight and daily gain.
A previous study reported that steers had greater circulating IGF-1 concentrations than heifers (Brandt et al., 2007) . The steers also had a greater carcass weight, daily gain of carcass weight, and rib eye area than did heifers (Tanner et al., 1970; Brandt et al., 2007) . These reports indicate that the high IGF-1 concentration may promote lean meat growth during the fattening phase. In contrast, Japanese Black steers have lesser plasma IGF-1 concentrations compared with Holstein steers (Matsuzaki et al., 2001) . The marbling score of Japanese Black steers was greater than that of Holsteins at the same carcass weight (Matsuzaki et al., 2001 ). The differences in the muscle quality between Japanese Black cattle and Holsteins may be influenced by the difference in IGF-1 concentration.
The production system of Japanese Black cattle in Japan suppresses vitamin A intake during the fattening phases to encourage marbling. Beef marbling in cattle fed a low vitamin A feed was superior to marbling in cattle consuming a high vitamin A feed (Oka et al., 1998a) . Additionally, IGF-1 secretion has been linked to dietary vitamin A. In Japanese Black cattle, the serum IGF-I concentrations in cattle consuming an experimental low vitamin A feed from 14 months of age gradually decreased, and after 18 months of age were less than the baseline IGF-1 concentrations before intervention (Oka et al., 1998a) . These findings suggest that control of IGF-1 through vitamin A supplementation may be a method to increase the marbling in other cattle as well as Japanese Black cattle.
Insulin
Insulin increases lipogenesis and decreases lipolysis (Rhoades et al., 2007) . However, there is little information detailing the relationship between insulin secretion and marbling in Japanese Black cattle. Insulin secretion is increased by plasma propionate, butyrate, or glucose in steers. McAtee and Trenkle (1971) reported that plasma insulin concentration increased following intravenous infusion of propionate or butyrate in steers. Additionally, the two short-chain fatty acids produced a greater response in insulin secretion compared with that of glucose. High grain diets also stimulate insulin secretion in cattle (Trenkle, 1970) . Plasma insulin concentration is positively correlated with carcass adiposity (Trenkle and Topel, 1978) . Matsuzaki et al. (1997) reported that the plasma insulin concentration and carcass fat proportion were greater in Wagyu (600 kg slaughter weight) than in Holstein cattle (700 kg slaughter weight). Japanese Black heifers also have greater insulin concentrations than do Holstein heifers at 18 and 22 months of age, and glucose-induced insulin secretion was greater in Japanese Black heifers than in Holstein heifers at 18 months of age (Shingu et al., 2001) . These reports indicate that the production of intramuscular fat in Japanese Black cattle may possibly be associated with insulin secretion.
Hormones are an important factor for improving growth and meat quality in livestock. Differences in hormone secretion between Japanese Black cattle and Holstein reflect genetic differences. Japanese Black cattle have been selected for an increased meat quantity and quality (intramuscular fat content). Therefore, anabolic function in Japanese Black cattle is important for nutrient utilization. In contrast, Holstein cattle have been selected for increased milk production. Accordingly, catabolic function is important in Holsteins to increase milk yield. Japanese Black cattle may differ in their nutritional metabolism of fat and muscle compared with other breeds, and as a result, they may possess endocrine properties favoring marbling.
Feeding Japanese Black Cattle
To produce beef satisfying the Japanese beef market, appropriate nutritional management is imperative for high quality Japanese Black beef. Nutritional management programs must consider many factors including the growth rate, feed efficiency, health, animal welfare, disease intolerance, and the intramuscular fat accumulation. In Japan, animals are raised in a pen with group feeding using the standard system for marbled beef Figure 5 . Effect of intramuscular fat deposition on the structure of intramuscular connective tissue (IMCT). With animal growth, collagen crosslinks become more stable, and the structural integrity of IMCT increases. These changes increase the mechanical properties of IMCT, contributing to the toughening of meat. The intramuscular fat deposits mainly in the perimysium (between muscle fiber bundles), resulting in marbling. This causes the remodeling of extracellular matrix (ECM) and reduces the mechanical strength of IMCT, contributing to the tenderization of beef (Nishimura, 2010) .
production (Gotoh et al., 2009; Figure 6) . Each prefecture in Japan has a recommended fattening system. Japanese Black cattle are usually fed a high concentrate diet from 11 to 30 months of age to induce greater accumulation of intramuscular fat, which is the most critical goal of Japanese Black cattle farmers. In particular, during the finishing period of fattening, the most common fattening program is to provide as much concentrate as possible and rice ad libitum. For example, cattle are fed a high-energy diet twice daily starting at 11 months of age until slaughter (28 to 30 months of age). From 11 to 18 months of age, the diet comprises increasing amounts of concentrate (36.8 to 86.4%, formula feed) and decreasing amounts of roughage [Jamboree (beer bran), hay, and rice straw]. During the final stage from 18 months to slaughter, the diet comprises 86.4 to 84.2% concentrate and 13.6 to 15.8% roughage. All cattle have constant access to water and mineral salt blocks containing minerals, salt, and a diuretic. The total feed consumption during fattening is normally 4,000 to 5,000 kg/animal. For fattening until 26 and 30 months of age, 4,344 kg and 5,167 kg of concentrate was needed (Gotoh, unpublished data, 1997) . More than 90% of the concentrates for fattening Japanese Black cattle are imported.
In Japan in recent years, farmers have considered manipulating vitamin A level to improve marbling during fattening of Japanese Black cattle. Vitamin A derivatives (retinoids) play a key role in mammalian development and cell differentiation (Villarroya et al., 1999) . In most cases, retinoic acid impairs adipocyte differentiation. Oka et al. (1998b) and Nade et al. (2007) demonstrated the influence of vitamin A on beef quality in Japanese Black cattle. They suggested that regulating the serum vitamin A concentration could produce a higher marbling score without increasing subcutaneous fat in animals genetically predisposed to marbling. Currently, farmers keep the vitamin A concentration low only during the middle fattening period; during the finishing period, low vitamin A concentration often induces severe hepatic disease and swelling.
Originally cattle should eat grass. But to produce marbled beef in Japanese Black cattle, much grain feed needs to be imported. Although Japanese Black cattle can produce excellent marbled beef, they also discharge a large amount of excrement derived from imported grain feed. Totally, about 23.7 million tons excrement (feces and urine) per year were discharged in beef cattle production in 1996 (Haga, 1992) . This is a cause of soil pollution because of increased nitrogen concentrations. The outbreak of BSE in September 2001 and foot-and-mouth disease in 2000 and 2010 are thought to be related to imported feed. Heavy dependence on imported feed might be dangerous in food security in Japan. Moreover, Japanese Black cattle carcasses produce a large amount of wasted fat like subcutaneous fat and abdominal fat of more than 200 kg per carcass (Gotoh et al., 2009) . Lately, Japanese beef production has many problems such as food safety, excreta from livestock, and the sudden price increase of grain. Accordingly, we might have to shift the system to produce beef while maximizing the use of domestic grass resources.
Conclusion
The quality of beef produced by Japanese Black cattle is excellent and contains greater than 30% intramuscular fat and a significant concentration of monounsaturated fatty acids. Japanese Black cattle have unique physiological properties and specific dynamics of important intra muscular gene expression like SCD and FASN. However, it is still unknown why Japanese Black can produce excellent marbled beef. In the production system, there are numerous problems concerning the strict management, including high production costs, circulation of untreated excrement, the requirement for imported feed, and the food security risk resulting from numerous viral diseases introduced by imported feed. Livestock epidemics, such as BSE and foot-and-mouth disease, have caused significant damage to the beef industry in Japan. Among the worldwide Japanese beef market, 248 head and more than 5,000 straws of frozen semen of Japanese Black cattle have been exported at present, and Japanese Black cattle are fed in 18 foreign countries (NHK, 2013) . Japanese Black cattle, known as Wagyu outside Japan, are specially regarded by cattle breeders in the USA, Canada, Germany, Austria, France, Thailand, China, Mexico, Australia, and other countries who aim to improve beef quality, especially by improving marbling and tenderness. The beef of crossbred Wagyu cattle is also sold as Wagyu beef worldwide (NHK, 2013) and is relatively inexpensive compared with the original Japanese Black beef. Considering the global distribution of Japanese Black and Wagyu beef, new strategies are needed for Japanese farmers to produce and sell Japanese Black beef in the global market.
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